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(54) Process for producing aromatic polycarboxylic acid

(57) A process for producing a polycarboxylic acid
which comprises performing liquid phase oxidation of
polyalkyl-substituted aromatic aldehyde and/or oxide
derivative of polyalkyl-substituted aromatic aldehyde as
raw material for oxidation with molecular oxygen at two
stages in water solvent in the presence of a catalyst
comprising bromine or both bromine and a heavy metal

(s) at a temperature of 180 to 280 °C , thereby producing
trimellitic acid or pyromellitic acid, wherein said liquid
phase oxidation is performed in a continuous operation
at the first stage and in a continuous operation or in a
batch operation at the second stage and a total amount
of bromine in said catalyst is divided to add separately
at each the first stage and the second stage.
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Description

BACKGROUND OF THE INVENTION

1) Field of the Invention

[0001] The present invention relates to a process for producing an aromatic polycarboxylic acid by liquid phase
oxidation of polyalkyl-substituted aromatic aldehyde and/or oxide derivative thereof, and specifically, to process for
producing trimellitic acid or pyromellitic acid.

2) Prior Art

[0002] As industrial processes for producing trimellitic acid, a process comprising air-oxidizing psuedocumene as a
raw material in an acetic acid solvent in the presence of a cobalt-manganese-bromine catalyst and a process comprising
air-oxidizing 2,4-dimethyl benzaldehyde, 2,5-dimethyl benzaldehyde and 3,4-dimethyl benzaldehyde or 2,4-dimethyl
benzoic acid, 2,5-dimethyl benzoic acid and 3,4-dimethyl benzoic acid of oxide derivative thereof as raw materials in
water solvent in the presence of a catalyst containing bromine and manganese or cerium are widely known. As industrial
processes for producing pyromellitic acid, a process comprising air-oxidizing durene as a raw material in an acetic acid
solvent in the presence of a cobalt-manganese-bromine catalyst and a process comprising air-oxidizing 2,4,5-trimethyl
benzaldehyde or 2,4,5-trimethyl benzoic acid of an oxide derivative thereof as a raw material in water solvent in the
presence of a bromine-manganese-iron catalyst are known.
[0003] Among above-mentioned known processes, regarding the process comprising air-oxidizing psuedocumene
in an acetic acid solvent, a production art of aromatic dicarboxylic acid, e.g., terephthalic acid has been applied to
oxidation of psuedocumene. The reaction in the production of terephthalic acid is comparatively readily completed, i.
e., continuously and about quantitatively completed in the presence of a comparatively low concentration of catalyst
and promotor. In contrast, oxidation of psuedocumene has a defect that the metal catalyst forms a salt with trimellitic
acid of a product to deposit, so that activity of the catalyst is degraded and the reaction does not readily progress.
[0004] Japanese Patent No.2939346 describes that air oxidation of psuedocumene is performed semi-continuously
or in a batch wise while controlling the first stage of the reaction to a comparatively low temperature and then in a batch
wise while controlling the second stage of the reaction to a comparatively high temperature and most bromine catalyst
and trivalent cerium are added at the second stage to decrease contact of trimellitic acid as a product with a zirconium-
cobalt-manganese-bromine catalyst and to depress degradation of catalyst activity due to formation of an insoluble
salt of trimellitic acid with zirconium, cobalt and manganese, whereby the yield of trimellitic acid is improved.
[0005] Japanese Patent Publication No.7-55917 discloses a process for producing pyromellitic acid comprising air-
oxidizing durene in an acetic acid solvent in the same manner as in the above-mentioned process for producing trim-
ellitic acid.
[0006] On the other hand, Japanese Patent Publication No.58-2222 describes that polyalkyl-substituted aromatic
aldehyde or oxide derivative thereof is oxidized with molecular oxygen in water solvent in the presence of a bromine
and a metal ion catalyst selected from the group consisting of manganese and cerium while maintaining an oxygen
concentration in an exhaust gas in an outlet of the reactor to 3 % or above, whereby the corresponding aromatic
polycarboxylic acid can be obtained readily in a high yield in one stage reaction. The process provides advantages
that there is no combustion of solvent and no recovery step of solvent is required on account of water solvent and
furthermore continuous reaction can be performed since no degradation of catalyst activity due to formation of a salt
of the metal catalyst with trimellitic acid or pyromellitic acid of a product occurs.
[0007] Japanese Patent Publication No.7-116097 discloses a process comprising oxidizing 2,4,5-trimethyl benzal-
dehyde with a molecular oxygen-containing gas in water solvent containing bromine ion, manganese ion and iron ion
to depress combustion of 2,4,5-trimethyl benzaldehyde, thereby improving the yield of pyromellitic acid.
[0008] Trimellitic acid has been widely used as a raw material for alkyd resins, high grade plasticizers, polyamide-
imides and polyesters. Pyromellitic acid is very useful as a raw material for cross linking agents for foam polyester,
particular plasticizers, polyimides and powder coating agents. In order to use trimellitic acid and pyromellitic acid as
these raw materials, a high purity of product thereof is required.
[0009] The process for producing trimellitic acid disclosed in Japanese Patent No.2939346 comprising air-oxidizing
psuedocumene in an acetic acid solvent has defects that the operation is complicated since it is necessary to control
carefully and change a temperature and a water concentration in the reaction liquid ; a high price catalysts such as
cobalt zirconium and cerium are used ; there is combustion of acetic acid as solvent and a recovery equipment of acetic
acid as solvent is necessary.
[0010] The process for producing pyromellitic acid disclosed in Japanese Patent Publication No.7-55917 comprising
air-oxidizing durene in an acetic acid solvent is not economical from the aspects that a high price is imposed on durene
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of the raw material since it is difficult to obtain it and the yield of pyromellitic acid is about 60 mol% since the oxidation
reaction is more difficult than that in the process for producing trimellitic acid comprising air-oxidizing psuedocumene
in an acetic acid solvent.
[0011] The processes for producing trimellitic acid and pyromellitic acid disclosed in Japanese Patent Publication
Nos.58-2222 and 7-116097 comprising oxidizing polyalkyl-substituted aromatic aldehyde or oxide derivative thereof
with molecular oxygen in water solvent can overcome the defects in the process used an acetic acid solvent, but it is
necessary to reduce further organic bromine compounds and oxidation intermediates produced as by-products in order
to obtain the intended substance in a high yield.

SUMMARY OF THE INVENTION

[0012] An object of the present invention is to provide a process for producing trimellitic acid or pyromellitic acid
comprising oxidizing polycakyl-substituted aromatic aldehyde and/or oxide derivative thereof in which by-product con-
tent is small and a high yield can be obtained.
[0013] As a result of extensive studies to solve above-mentioned prior art problems, the inventors have found that
polyalkyl-substituted aromatic aldehyde and/or oxide derivative thereof as raw material for oxidation is oxidized with
molecular oxygen in water solvent in the presence of a catalyst containing bromine or both bromine and a heavy metal
(s) at 180 to 280 °C wherein the raw material for oxidation and the catalyst are fed to perform the reaction and then
bromine in the catalyst is further added thereto to perform further the reaction, whereby the amount of organic bromine
compounds and oxide intermediates to be by-produced are reduced and the yield of trimellitic acid or pyromellitic acid
of intended substances is improved, and have accomplished the present invention.
[0014] That is, a process for producing a polycarboxylic acid which comprises performing liquid phase oxidation of
polyalkyl-substituted aromatic aldehyde and/or oxide derivative of polyalkyl-substituted aromatic aldehyde as raw ma-
terial for oxidation with molecular oxygen at two stages in water solvent in the presence of a catalyst comprising bromine
or both bromine and a heavy metal(s) at a temperature of 180 to 280 °C, thereby producing trimellitic acid or pyromellitic
acid, wherein said liquid phase oxidation is performed in a continuous operation at the first stage and in a continuous
operation or in a batch operation at the second stage and a total amount of bromine in said catalyst is divided to add
separately at each the first stage and the second stage.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Examples of polyalkyl-substituted aromatic aldehyde of a raw material for oxidation include 2,4-dimethyl ben-
zaldehyde, 2,5-dimethyl benzaldehyde and 3,4-dimethyl benzaldehyde, which are used as a raw material for production
of trimellitic acid. Further, 2,4,5-trimethyl benzaldehyde is used as a raw material for production of pyromellitic acid.
[0016] The above-mentioned polyalkyl-substituted aromatic aldehydes can be quantitatively obtained without by-
production of isomers by reaction of polyalkylbenzene with carbon monoxide in the presence of a HF-BF3 catalyst.
[0017] In the present invention, oxide derivatives of polyalkyl-substituted aromatic aldehyde also can be used as a
raw material for oxidation. Examples of the oxide derivatives include 2,4-dimethyl benzoic acid, 2,5-dimethyl benzoic
acid and 3,4-dimethyl benzoic as a raw material for production of trimellitic acid and 2,4,5-trimethyl benzoic acid as a
raw material for production of pyromellitic acid.
[0018] As the catalyst for oxidation reaction, bromine alone can be used, but it is preferable to use both bromine and
a heavy metal(s). The heavy metal is used in the form of heavy metal ion and includes various heavy metals, among
which manganese, iron, cerium, nickel, chromium, molybedenum, lead, tin, cobalt and niobium are preferable, and
manganese is more preferable in the production of trimellitic acid and a combination of manganese and iron is more
preferable in the production of pyromellitic acid.
[0019] Examples of heavy metal ion source include manganese hydroxide, manganese acetate, manganese acety-
lacetonate, manganese benzoate, manganese borate, manganese carbonate, manganese bromide, manganese chlo-
ride, manganese formate, manganese iodide, manganese oxalate, iron hydroxide, iron oxide, iron acetylaceacetonate,
iron bromide and iron chloride, among which bromides such as manganese bromide and iron bromide are preferable.
[0020] The bromine in the catalyst is used in the form of bromine ion. Examples of bromine ion source include any
substance capable of generating bromine ion under the reaction conditions including inorganic bromides such as hy-
drogen bromide, ammonium bromide, sodium bromide and manganese bromide and organic bromides such as benzyl
bromide and methane tetrabromide, among which hydrogen bromide, manganese bromide and iron bromide are pref-
erable.
[0021] In the production of trimellitic acid, total amount of bromine ion in the catalyst to be added is 1 to 5 % by weight
and preferably 1.5 to 4 % by weight to water solvent and the amount of manganese ion is 0.05 to 1 % by weight and
preferably 0.1 to 0.5 % by weight to water solvent.
[0022] In the production of pyromellitic acid, total amount of bromine ion in the catalyst to be added is 1 to 5 % by
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weight and preferably 1.5 to 4 % by weight to water solvent and the amount of manganese ion is 0.05 to 1 % by weight
and preferably 0.1 to 0.5 % by weight to water solvent and the amount of iron ion is 0.1 to 100 ppm and preferably 1
to 50 ppm to water solvent.
[0023] When bromine ion is below 1 % by weight, combustion of polyalkyl-substituted aromatic aldehyde or oxide
derivative thereof is increased, whereas above 5 % by weight the reaction tends to be depressed.
[0024] It is preferable that the amount of bromine ion to be additionally fed in the reaction of the second stage is 5
to 50 % by weight to total amount of bromine ion to be fed. The additional feeding of bromine ion in the above-mentioned
range improves the oxidation reaction rate, and decomposes and reduces organic bromine compounds in the reaction
system and reduces the amount of oxide intermediates to be produced, whereby trimellitic acid or pyromellitic acid is
obtained in a high yield.
[0025] The reaction temperature at the first stage and the second stage is 180 to 280 °C and preferably 200 to 260
°C. Each the reaction temperature at the first stage and the second stage can be selected in each the range. Although
the reaction pressure, usually, is spontaneously decided through the process to maintain the temperature to a constant
temperature by operation of vaporization of water solvent and condensation reflux, it can be also maintained to a
preferable constant pressure by means of heat exchange from the outside. The range of the reaction pressure is not
limited on the condition that the reaction liquid can keep the state of liquid phase, but the range of 1.5 to 6 MPa is
usually applied.
[0026] The amount of water as the solvent is 2 times by weight or above and preferably 3 to 6 times by weight to the
raw material. The residence time at the first stage and the second stage of the reaction is, respectively, preferably 0.2
to 3.0 hours and more preferably 0.5 to 2.0 hours.
[0027] The reaction can be performed in a continuous operation at the first stage and in a continuous operation or
in a batch operation at the second stage. Particularly, in order to display the advantageous effects of the present
invention, continuous two stage type oxidation process to perform the reaction in a continuous operation at both the
first stage and the second stage is most preferable.
[0028] After the completion of oxidation, the reaction liquid is subjected to known purifying treatments such as filtration
and distillation, whereby trimellitic acid or pyromellitic acid can be obtained as a product.

PREFERRED EMBODIMENT OF THE INVENTION

[0029] The present invention will be described in more detail below, referring to Examples and Comparative Exam-
ples, which are not intended to limit the scope of the present invention.
[0030] The organic bromine compound concentration described in Examples and Comparative Examples was con-
verted into a bromine concentration. That is, a bromine content in an organic bromine compound, i.e., a bromine
conversion concentration was determined by subtraction of a bromine ion concentration from total bromine concen-
tration in a reaction liquid. Herein, the total bromine concentration was measured according a fluorescent X ray analysis
method and the bromine ion concentration was measured according to a silver nitrate titration method.
[0031] The oxide intermediate in the production of trimellitic acid means sum total of methyl phthalic acid, 1-carboxy-
3,4-phthalide and dimethyl benzoic acid. The oxide intermediate in the production of pyromellitic acid means sum total
of methyl trimellitic acid, 1,2-dicarboxy-4,5-phthalide and 2,4,5-trimethyl benzoic acid. As a criterion to exhibit a situation
of production of these oxide intermediates, a production percentage calculated on the basis of raw material mol in the
same manner as in the yield of intended substance was indicated.

Example 1

[0032] A catalyst liquid of bromine ion concentration 2.3 % by weight and manganese ion concentration 0.39 % by
weight mixed 1452 g of water, 17.5 g of 100 % hydrogen bromide and 30.5 g of manganese bromide (tetrahydrate)
was charged to the first stage reactor in a continuous two stage type reactor, connected two zirconium autoclaves of
inner capacity 2 L equipped with a reflux condenser, a stirrer, a heater, a raw material feeding port, a gas introducing
port and reaction product withdrawing port and 1000 g of the catalyst liquid having the same components as in the first
stage reactor was charged to the second stage reactor. Nitrogen was fed under an applied pressure via the gas intro-
ducing port to elevate the interior pressure of the first stage reactor up to 1 MPa and the interior temperature of the
first and second stage reactors was elevated up to 220 °C with the heater. Then, each 2,4-dimethyl benzaldehyde at
the rate of 200 g/hr and the catalyst liquid having the same components as in the catalyst liquid charged to each reactor
at the rate of 750 g/hr was separately fed to the first stage reactor. Introduction of air via the gas introducing port was
started simultaneously with feeding of 2,4-dimethyl benzaldehyde and a flow rate of air was controlled so as to maintain
oxygen in the exhaust gas from the first stage reactor to 2.5 %. Then, transfer of the reaction liquid from the first stage
reactor to the second stage reactor was started while maintaining the liquid level in the first stage, reactor to a constant
liquid level and simultaneously a catalyst liquid of bromine ion concentration 3.3 % by weight mixed 58 g of water and
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2 g of 100 % hydrogen bromide was fed to the second stage reactor at the rate of 60 g/hr and introduction of air via
the gas introducing port was started and a flow rate of air was controlled so as to maintain oxygen in the exhaust gas
from the second stage reactor to 4.5 %. 1150 g/hr of the reaction product was withdrawn from the second stage reactor
while maintaining the liquid level in the second stage reactor to a constant liquid level. Meantime, the pressure in the
reactors was maintained to 3.2 MPa at the first stage and to 2.9 MPa at the second stage. The amount of bromine ion
fed to the second stage occupied 10.5 % of total amount of fed bromine ion. After the components in the reactor had
become steady, the products were analyzed. The result was shown in Table 1.

Comparative Example 1

[0033] The oxidation of 2,4-dimethyl benzaldehyde was continuously performed in the same manner as in Example
1 except that the catalyst liquid was not fed to the second stage reactor. The result was shown in Table 1.

Comparative Example 2

[0034] One of the same autoclave as in Example 1 was used as a continuous one stage type reactor. A catalyst
liquid of bromine ion concentration 2.3 % by weight and manganese ion concentration 0.39 % by weight mixed 1452
g of water, 17.5 g of 100 % hydrogen bromide and 30.5 g of manganese bromide (tetrahydrate) was charged to the
reactor. Nitrogen was fed under an applied pressure via the gas introducing port to elevate the interior pressure of the
reactor to 1 MPa and the interior temperature of the reactor was elevated up to 220 °C with the heater. Then, each
2,4-dimethyl benzaldehyde at the rate of 100 g/hr and the catalyst liquid having the same components as in the catalyst
liquid charged to the reactor at the rate of 375 g/hr was separately fed to the reactor. Introduction of air via the gas
introducing port was started simultaneously with feeding of 2,4-dimethyl benzaldehyde and a flow rate of air was con-
trolled so as to maintain oxygen in the exhaust gas from the reactor to 2.5 %. The reaction product was withdrawn so
as to maintain the liquid level in the reactor to a constant liquid level. Meantime, the pressure in the reactor was
maintained to 3.2 MPa. The result was shown in Table 1.

Example 2

[0035] The oxidation of 2,4-dimethyl benzaldehyde was continuously performed in the same manner as in Example
1 except that the catalyst liquid to be charged to each reactor and to be fed to the first stage reactor was changed to
a catalyst liquid of hydrogen bromide concentration 1.4 % by weight and manganese ion concentration 0.39 % by
weight mixed 1465.5 g of water, 4.0 g of 100 % hydrogen bromide and 30.5 g of manganese bromide (tetrahydrate)
and the amount of the catalyst liquid to be fed to the second stage reactor was changed to 90 g/hr. The amount of
bromine ion fed to the second stage occupied 22.2 % of total amount of fed bromine ion. The result was shown in Table 1.

Example 3

[0036] The oxidation of 2,4-dimethyl benzaldehyde was continuously performed in the same manner as in Example
1 except that the catalyst liquid to be charged to each reactor and to be fed to the first stage reactor was changed to
a catalyst liquid of hydrogen bromide concentration 2.0 % by weight and manganese ion concentration 0.39 % by
weight mixed 1456.5 g of water, 13.0 g of 100 % hydrogen bromide and 30.5 g of manganese bromide (tetrahydrate)
and the amount of the catalyst liquid to be fed to the second stage reactor was changed to 120 g/hr. The amount of
bromine ion fed to the second stage occupied 21.1 % of total amount of fed bromine ion. The result was shown in Table 1.

Example 4

[0037] The oxidation was continuously performed in the same manner as in Example 1 except that 2,4-dimethyl
benzaldehyde was changed to 2,4,5-trimethyl benzaldehyde and the catalyst liquid to be charged to each reactor and
to be fed to the first stage reactor was changed to a catalyst liquid of bromine ion concentration 2.3 % by weight,
manganese ion concentration 0.44 % by weight and iron ion concentration 13 ppm mixed 1450.3 g of water, 15.3 g of
100 % hydrogen bromide, 34.4 g of manganese bromide (tetrahydrate) and 0.1 g of ferric bromide and the amount of
the catalyst liquid to be fed to the first stage reactor was changed to 780 g/hr and 2,4,5-trimethyl benzaldehyde was
fed at the rate of 90 g/hr. The amount of bromine ion fed to the second stage occupied 10.0 % of total amount of fed
bromine ion. The yield of pyromellitic acid was 82.4 %. The bromine conversion concentration of organic bromine
compound was 0.07 %. The production percentage of oxide intermediate was 2.5 %.
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Comparative Example 3

[0038] The oxidation of 2,4,5-trimethyl benzaldehyde was continuously performed in the same manner as in Example
4 except that the catalyst liquid was not fed to the second stage reactor. The yield of pyromellitic acid was 80.1 %. The
bromine conversion concentration of organic bromine compound was 0.24 %. The production percentage of oxide
intermediate was 3.2 %.

Example 5

[0039] The oxidation was continuously performed in the same manner as in Example 1 except that 2,4-dimethyl
benzaldehyde was changed to 2,4-dimethyl benzoic acid and 2,4-dimethyl benzoic acid was fed at the rate of 225 g/
hr. The amount of bromine ion fed to the second stage occupied 10.5 % of total amount of fed bromine ion. The yield
of trimellitic acid was 92.3 %. The bromine conversion concentration of organic bromine compound was 0.12 %. The
production percentage of oxide intermediate was 0.6 %.
[0040] As clear from Examples, liquid phase oxidation of polyalkyl-substituted aromatic aldehyde or oxide derivative
thereof was performed in a continuous operation in water solvent and bromine ion was additionally fed according to
the process of the present invention, whereby the amount of organic bromine compound and oxide intermediate to be
by-produced in the reaction liquid was reduced and the yield of aromatic polycarboxylic acid was increased.
[0041] The process of the present invention is industrially very excellent since liquid phase oxidation is performed
in a continuous operation in water solvent. Thus, industrial significance of the present invention is large.
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Claims

1. A process for producing a polycarboxylic acid which comprises performing liquid phase oxidation of polyalkyl-
substituted aromatic aldehyde and/or oxide derivative of polyalkyl-substituted aromatic aldehyde as raw material
for oxidation with molecular oxygen at two stages in water solvent in the presence of a catalyst comprising bromine
or both bromine and a heavy metal (s) at a temperature of 180 to 280 °C, thereby producing trimellitic acid or
pyromellitic acid, wherein said liquid phase oxidation is performed in a continuous operation at the first stage and
in a continuous operation or in a batch operation at the second stage and a total amount of bromine in said catalyst
is divided to add separately at each the first stage and the second stage.

2. The process according to claim 1, wherein an amount of bromine to be added at the second stage is 5 to 50 % by
weight of total amount of bromine.

3. The process according to claim 1, wherein said polyalkyl-substituted aromatic aldehyde and/or oxide derivative of
polyalkyl-substituted aromatic aldehyde as raw material for oxidation is (are) 2,4-dimethyl benzaldehyde, 2,5-dime-
thyl benzaldehyde, 3,4-dimethyl benzaldehyde, 2,4-dimethyl benzoic acid, 2,5-dimethyl benzoic acid and/or
3,4-dimethyl benzoic acid and trimellitic acid is produced.

4. The process according to claim 3, wherein a bromine ion concentration in said water solvent is 1 to 5 % by weight
and a manganese ion concentration in said water solvent is 0.05 to 1 % by weight.

5. The process according to claim 1, wherein said polyalkyl-substituted aromatic aldehyde and/or oxide derivative of
polyalkyl-substituted aromatic aldehyde as raw material for oxidation is (are) 2,4,5-trimethyl benzaldehyde and/or
2,4,5-trimethyl benzoic acid and pyromellitic acid is produced.

6. The process according to claim 5, wherein a bromine ion concentration in said water solvent is 1 to 5 % by weight
and a manganese ion concentration in said water solvent is 0.05 to 1 % by weight and an iron ion concentration
in said water solvent is 0.1 to 100 ppm.
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